INTRODUCTION
============

Most inflammatory diseases regardless of their etiology need immunosuppressive medications to control the symptoms and to inhibit the progress of inflammation. Several systemic anti-inflammatory drugs, including corticosteroids (prednisone), biological therapy (e.g. anti- TNF-α, integrin, and IL-12/23 antibodies), as well as immunosuppressive drugs such as azathioprine, methotrexate, or 6-mercaptopurine are currently available for the treatment of CD; however, many patients do not fully respond to such therapies^\[[@B1]\]^. These medications are associated with a significant number of short- and long-term side effects, which limit their administration. These side effects vary considerably from new-onset hyperglycemia in patients who receive glucocorticoids for their inflammation^\[[@B2]\]^ to drug-induced liver injury in patients with IBD treated with azathioprine and methotrexate^\[[@B3]\]^.

Vaccination is one of the most successful medical strategies in preventing infectious diseases. In addition to prophylactic vaccines, using vaccination for therapeutic goals has found a growing trend. So far, several therapeutic vaccines have been examined for the targeted treatment of cancer or chronic viral infections, such as HBV, HIV, as well as hepatitis B and C viruses whose infections can result in malignancies if remain untreated^\[[@B4]\]^. In the light of recent advances in the understanding of immune mechanisms of various inflammatory disorders and the way of resetting balance between immune effectors and regulatory cells, scientists are now able to design vaccines for patients who suffer from autoimmunity or allergic diseases^\[[@B5]\]^.

DNA vaccine (plasmid DNA, when injected into the skin or muscle of mice, triggers an immune response to encoded antigens) and gene therapy (human gene transfer, which is a way to deliver a DNA construct to human genome to repair or edit a mutation) are two novel promising strategies. The current knowledge of vaccine development can be used to treat different types of inflammatory diseases, including rheumatoid arthritis, asthma, psoriasis, celiac disease, and IBD. Meanwhile, there are a number of ongoing clinical trials on vaccine and immunotherapy of rheumatoid arthritis^\[[@B6]\]^. Regarding the key role of various pro-inflammatory cytokines in the pathogenicity of inflammatory diseases, anti-cytokine therapy, such as IL-1 and TNF-α vaccination, along with immuno-suppressive drugs is a novel approach, which has recently brought some promises for the treatment of type 2 diabetes, systemic lupus erythematosus, and arthritis in clinical trials^\[[@B6]-[@B8]\]^. In the present review, we aim to consider the current available therapeutic options for the treatment of CD as one of the most common types of IBD, and to evaluate the possibility of vaccine development for the treatment of this disorder.

**CD and risk factors**

CD is one of the most common types of IBD that can affect any part of the GIT from the mouth to the anus. Symptoms and clinical manifestations of this growing disorder vary from mild to severe, including abdominal pain, diarrhea (sometimes bloody if the inflammation is severe), fever, and weight loss^\[[@B9]\]^. Depending on the location of this complex inflammatory disease, different clinical manifestations are expected. The location of the disease also affects the type of treatment and the clinical outcome, particularly when the immunotherapy is used. UC is another type of IBD which, in contrast to CD, can present some inflammatory manifestations only in the colon. Both of these types of IBD emerge due to several risk factors and can predispose the patients to a higher risk of developing gastrointestinal cancers^\[10\]^. Genetic susceptibilities and environmental components are important risk factors for CD. According to some studies, MAP, a zoonotic pathogen, seems to be the main cause of CD^\[[@B11],[@B12]\]^. A meta-analysis study determined the relationship between MAP and CD, but the role of MAP in the pathogenesis of CD is yet to be clarified^\[[@B13]\]^. The positive effect of antibiotics in management of CD and its complications^\[[@B11]-[@B13]\]^ supports the involvement of bacteria in IBD. Meanwhile, the role of body immune system in CD is very important^\[[@B14],[@B15]\]^. A frame shift mutation in the *NOD2* gene (*CARD15* gene) is the first linked mutation to the prevalence of CD^\[[@B16]\]^. So far, several genes have been found whose mutations are associated with CD, and most of these genes are known in terms of the relevant function. For instance, any point mutation in the *IL23R*, *SLC11A1*, *IRGM*, and *ATG16L1* loci will result in susceptibility to CD^\[[@B17]-[@B20]\]^.

The increased incidence of CD in recent years, particularly in developing and industrialized countries, may indicate the role of environmental factors in the initiation of this inflammatory disease. Excessive consumption of meat and polyunsaturated fatty acids such as omega 6 instead of omega 3 may be associated with an increased risk of CD^\[[@B21]\]^. The result of different surveys has suggested that despite the usual expectation, there is no relationship between fish consumption and the incidence of CD^\[[@B22]\]^. Nevertheless, it is still controversial whether isotretinoin, as a vitamin A derivative used for dermatological problems, is associated with CD^\[[@B23]\]^. Smoking like any other health problems has a devastating role in the prognosis of CD and can cause the refractory form of the disease^\[[@B24]\]^. In summary, CD is a multifactorial disorder caused by a combination of genetic, environmental, immune dysregulatory and intestinal mucosal factors, including the microbiota^\[25\]^.

***Role of immune regulation***

The role of innate and adaptive immunity in pathogenesis of CD is critical. It is well accepted that UC and CD occur due to abnormalmucosal immune function and are mostly related to innate immunity, along with dysregulated or excessive Th1 cells in CD or Th2 cells in UC, which are both related to adaptive immune responses^\[[@B10]\]^. It was first proposed that CD is a primary T cell autoimmune disorder, though recent findings have suggested that CD can also result from an impaired innate immunity^\[[@B26]\]^. Innate immunity, as the first-line defense mechanism against foreign microorganisms, is responsible for the initiation of the bactericidal activity in the GIT. In the comparison between inflamed and non-inflamed colonic tissue in CD patients, it has been observed that guanosine triphosphatase signaling pathway is strongly down-regulated in non-inflamed colonic mucosa. Therefore, it has been proposed that the suppression of this pathway will help the innate immunity to exert its anti-bacterial activity, which may result in the remission of CD^\[[@B27]\]^. Despite the complexity of molecular mechanisms of antibacterial immunity in the GIT, clinical evidence of inadequate neutrophil infiltration, insufficient macrophage activity, and impaired pathogen clearance in CD reinforce the hypothesis that CD is a disease of innate immune dysregulation^\[[@B28]\]^. Indeed, intact innate immunity in healthy individuals can suppress the translocation of gut bacteria through the mucosal barrier, which may result in the triggering the acute inflammatory response ([Fig. 1](#F1){ref-type="fig"}).

Studies have suggested that the pathogenesis of CD is related to Th1 and Th17 cell response rather than innate immunity^\[[@B29]\]^. Th1 has a pro-inflammatory feature and is involved in the pathogenesis of most inflammatory diseases^\[[@B27]\]^. Th17 is another type of CD4+ T cells, which has a bilateral role in the clearance of extracellular pathogens and also pathogenesis of several autoimmune and inflammatory diseases^\[[@B30]\]^. However, the recent proteomic mass spectrometry study of biopsy samples from CD patients indicated the dominance of Th1 response in these patients^\[[@B31]\]^. Th17 cells have the ability to shift into the Th1 phenotype, especially in the presence of IL-12 and TNF-α. These Th17-derived cells, categorized as non-classic Th1 cells, are potential targets for anti-inflammatory therapeutic goals^\[[@B30]\]^. The efficacy of various biological therapies have been demonstrated in CD^\[[@B32]-[@B36]\]^, further supporting the role of immune dysregulation in CD development.

Modern hygiene standards due to the industrial life can affect the characteristics of immune responses. It has been hypothesized that the evolution of the immune system by exposure to bacteria and parasites can help the maturation of immunity and the ability of immune response to attack foreign microorganisms. Anti-inflammatory effects of helminths proved by several studies and the corresponding mechanism have been indicated to inhibit IFN-γ and IL-17 production as pro-inflammatory cytokines and to promote IL-4, IL-10, and TGF-β production as immune-regulatory cytokines^\[[@B37]\]^.

***Role of gut microbiome***

Gut microbiota is a complex community of different microorganisms colonized in the digestive tracts of humans and other animals^\[[@B38]\]^. CD occurs in individuals who are exposed to some environmental factors and/or some commensal microbiota, which can disturb mucosal immune reaction and trigger an unfavorable inflammation^\[[@B39]\]^. The close connection between the gut microbiota and the intestinal mucosa frequency modulates and shapes the gut immune system in CD patients^\[[@B40],[@B41]\]^. Several studies have shown the diminished diversity of gut microbiome in CD along with a reduction in *Bifidobacteriaceae*, *Faecalibacterium*, *Clostridiales*, and *Roseburia* plus an increase in *Enterobacteriaceae* spp., Bacteroides spp., and *Mycobacterium avium* subspecies paratuberculosis^\[[@B42]-[@B45]\]^. Gerasimidis *et al.*^\[[@B46]\]^ collected fecal samples from 15 children with CD and 21 healthy controls. They found that *Faecalibacterium prausnitzii* spp. significantly reduced after 30 days on exclusive enteral nutrition. Global microbial richness significantly reduced as compared to controls. Fujimoto *et al.*^\[[@B47]\]^ have also observed a significant reduction in the number of *Faecalibacterium prausnitzii* spp. in CD patients in comparison to healthy controls. The authors concluded that anti-inflammatory responses in the lumen and a decrease in the commensal microbiota may be relevant to the *F. prausnitzii* reduction. In contrast, another study on 151 fecal samples of CD patients in Japan detected no regional difference in the fecal microbiota profiles of the healthy subjects and confirmed the reduced number of *Faecalibacterium prausnitzii* spp. in CD patients compared with the controls. That study also found a significant drop in *Bacteroides* and *Bifidobacterium* during the active phase of CD^\[[@B48]\]^.

Previous studies have suggested that the increased incidence of CD is associated with smoking. Although smoking is not directly considered as a risk factor in CD patients, it may contribute to a dysbiosis of the gut microbiota, which is known as an important risk factor; however, the causal mechanisms of this relationship need further investigation^\[[@B49],[@B50]\]^. In a recent study, the frequency of *Collinsella*, *Enterorhabdus*, and Gordonibacter in 21 smoking subjects significantly reduced in comparison with 21 nonsmoking CD patients^\[[@B49]\]^. In contrast, another study in 2012 reported that *Bacteroides*-*Prevotella* significantly elevated in smokers in comparison to nonsmokers and healthy controls^\[[@B50]\]^. In 2014, 447 (children and adolescents) newly diagnosed CD patients and 221 controls were compared. This report showed that those earlier proposed microbiota (as a biomarker for IBD) such as *Pasteurellaceae (Haemophilus sp.*),*Veillonellaceae*,*Neisseriaceae*,*Clostridiales*, and*Fusobacteriaceae* increased in patients, while the level of *Bacteroides*, *Faecalibacterium*, *Roseburia*, *Blautia*, *Ruminococcus*, and *Coprococcus* decreased^\[[@B45]\]^. Primary clinical improvement could be expected by microbial functional structure, preliminarily with a frailer impact at the level of species or genera.

![Cellular mechanism of CD and involving elements. The right picture shows the normal physiological function of mucosal barrier due to the existence of some anti-bacterial components such as α-defensin and secreted IgA and normal lamina propria. The left picture indicates the same tissue in CD in which the cascade of unfavorable inflammation is triggered by the invasion of the gut bacteria through the disturbed mucosal barrier to underlying tissues and resulting tissue damage due to the increased level of MMP and inflammation](IBJ-24-001-g001){#F1}

Regarding all above studies and even some controversial evidence on the impact of gut bacteria on CD, to the best of the authors\' knowledge, there is a well-accepted relationship between impaired mucosal barrier and inefficient gut microbiome, which can take a protective role in the GIT of IBD. It seems that the microorganisms in the GIT can benefit from their host\'s disabled mucosal layer and defect in the clearance of bacteria from the intestinal walls.

***Current available therapies***

Previous research has proposed that CD is not a particular disease entity because of its varied nature; rather a range of related idiopathic conditions co-occur ^\[[@B51],[@B52]\]^. Although this issue is highly controversial, some believe that bacterial infections such as MAP are one of the key players in the induction of idiopathic CD. The usefulness of antimicrobial therapies has long been documented for CD, but this treatment is ordered for short courses and not commonly applied within standard therapeutic regimes. Despite debatable and incompatible clinical trials reporting a long-term antimycobacterial therapy, studies are mostly focusing on immunology and gene therapy in CD^\[[@B53]-[@B56]\]^. CCX282-B called vercirnon was trialed among 436 CD patients who were prescribed CCX282-B or placebo for 12 weeks, then received 250 mg CCX282-B twice daily until week 16. After week 16, those with clinical improvement were also randomly divided into groups given placebo or CCX282-B for 36 weeks^\[[@B55]\]^. Vercirnon offers a novel approach to reduce intestine-specific inflammatory responses, but the findings of this clinical trial recommended conducting phase III clinical trials in CD.

Regarding the role of IL-17 in pathogenesis of CD, many trials have designed to block this pro-inflammatory cytokine as a therapeutic approach to ameliorate the symptoms of the disease. However, some disappointing results have been observed in treatment of patients with moderate to severe CD using secukinumab, a monoclonal antibody against IL-17A^\[[@B56]\]^. This observation may indicate the complexity of CD pathogenesis, and the fact that it is not easy to treat this chronic disease by targeting only one of the potential causes of disease. A phase II clinical trial study of tofacitinib in 139 patients with moderate-to-severe active CD displayed that after 4-week administration of tofacitinib or placebo, no significant changes were observed in patients with clinical remission^\[[@B57]\]^.

Studies have suggested that vitamin D deficiency occurs in IBD patients; nonetheless, few surveys advocate a relationship between low vitamin D levels and disease activity^\[[@B58]\]^. A few numbers of clinical trials support this hypothesis only in patients with CD not with UC. Recently, the effect of 10,000 IU daily in comparison to 1000 IU daily of vitamin D3 oral supplementation was evaluated for 12 months in 18 and 16 patients with CD in remission, respectively^\[[@B59]\]^. The results showed that a higher dose of daily vitamin D3 significantly increased the serum 25-hydroxy-vitamin D levels, but the degrees of clinical relapse were similar between both groups. Nevertheless, regarding the immune regulatory effects of vitamin D and based on the clinical evidence of vitamin D deficiency in CD patients, supplementation with vitamin D can be considered as a way for the management of this inflammatory disease^\[[@B58]\]^.

In a study, the efficacy of combination therapy using adalimumab and azathioprine in 66 cases with active CD was compared with 69 CD patients without azathioprine^\[[@B60]\]^. The results showed that the percentage of endoscopic improvement in the first group of patients was significantly higher than the second group. However, no statistically significant difference was reported between the groups regarding the clinical improvement at week 26 in patients with active CD. In another study, children patients with CD were randomly divided to receive high-dose (93 cases) or low-dose (95 subjects) of adalimumab. The results showed that the safety risks did not increase with higher dose, but some clinical improvements were observed^\[[@B61]\]^. In a study in 2016, the safety and effectiveness of oral omega-3 supplementation for patients with CD was investigated^\[[@B62]\]^. Six patients received one bottle of the supplement daily for 28 days after one-month washout period, they started two bottles daily for 28 days. The result displayed that omega-3 was harmless and beneficial for maintaining remission in CD patients.

A significant number of CD patients ultimately need an intestinal surgery. In a multicenter, randomized trial, 297 patients with CD were evaluated by receiving infliximab or placebo to investigate the CD recurrence^\[[@B63]\]^. All investigated subjects underwent ileocolonic resection within 45 days before being included in the study and then randomly allocated to infliximab and placebo groups every eight weeks for 200 weeks. The result of this study showed that the clinical and endoscopic recurrences of CD in the placebo group (20% and 60%, respectively) are lower than in the infliximab group (12.9% and 30.6%, respectively) before or at week 76, which was statistically significant for the second one. The researchers have recommended that infliximab decreases endoscopic recurrence, but it has no preventive role regarding clinical recurrence after ileocolonic resection. [Table 1](#T1){ref-type="table"} lists some of the recent therapeutic studies in IBD patients.

**Potential vaccines for the management of CD**

***Vaccine for inflammatory diseases***

The development of vaccines against cytokines as main players in initiation/progression of inflammation has been under focus^\[[@B69],[@B70]\]^. As an example, to treat type 2 diabetes in a phase І clinical trial, IL-1β, as a key cytokine that involved in inflammatory diseases, has been targeted by hIL-1β/VLP vaccine, aiming to produce corresponding neutralizing antibodies^\[[@B71]\]^. In a preclinical study, for the treatment of systemic sclerosis, the modified form of mouse IL-6 peptide in conjugation with KLH has been used for both passive and active immunization of mice, which resulted in immunization and preventing the development of bleomycin-induced dermal fibrosis^\[[@B72]\]^. According to the substantial role of TNF-α in inflammatory response, targeting this pro-inflammatory cytokine would be associated with great advantages for any type of inflammatory illness. Immunizing the human body against TNF-α, as a potential target, is a novel approach for the induction of polyclonal anti-TNF antibodies in rheumatoid arthritis patients and has been tested in a phase II clinical trial^\[[@B7]\]^. Nevertheless, it should be noted that any anti-TNF- treatment, including monoclonal antibody and/or vaccine, will be a treatment option only in those individuals whose disease has emerged in response to the elevated levels of this pro-inflammatory cytokine and are not considered as non-responders to anti-TNF- therapy. [Table 2](#T2){ref-type="table"} lists some of these recent works.

***Vaccines targeting mucosal barrier***

The main goal of vaccination for CD disease is to improve the immune capacity and normalize the hyperactivated immune responses. As shown in [Figure 1](#F1){ref-type="fig"}, the healthy mucosal barrier, as the first line of innate immune system, protects the underlying tissues and resident immune cells of the GIT against exposure to gut bacteria. In contrast, in CD, the impaired mucosal barrier not only causes exposure of gut bacteria including both pathogens and normal flora to immune cells and consequent inflammation but also stimulates immunity against food antigens and exacerbates an unwanted immune disorder. Therefore, the best approach to manage CD is to maintain the intestinal homeostasis.

***Vaccines*** ***targeting MAP***

As mentioned earlier, some researchers believed in the potential role of MAP in CD pathogenesis. MAP can infect patients through ingested milk and meat products. The bacterium can be isolated from milk products, even after milk pasteurization process^\[[@B73]\]^. Regarding the possible role of MAP and due to the bacterial nature of this probable cause of CD, there have been some efforts to limit the incidence of this infection and prevent subsequent CD^\[[@B74]\]^. Immunization against MAP may be considered as a prophylactic option. Although there is still no available data on clinical trials of this strategy (this is ongoing)^\[[@B75]\]^, the role of MAP in the pathophysiology of the CD is still a topic of great debate and demands more clinical studies.

###### 

Current therapeutic approaches for CD

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Drug**                                  **Type of intervention**                                                                                                                                                                                                                                                                                                                                                             **Number of patients**                                            **Severity of disease**                       **Clinical outcome**
  ----------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------- --------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Antimycobacterial therapy^\[[@B53]\]^     Treated with metronidazole and/or ciprofloxacin and divided into three groups according to antibiotic therapy                                                                                                                                                                                                                                                                        233 inpatients with CD                                            Active CD                                     70.6% with antibiotic combination, 72.8% with metronidazole, 69.0% with ciprofloxacin were improved, and most frequent symptoms and signs were disappeared

  Vercirnon^\[[@B54]\]^                     Half of patients received placebo, and half vercirnon 500 mg once daily or vercirnon 500 mg twice daily                                                                                                                                                                                                                                                                              608 patients were equally randomized to placebo and case groups   Moderately to severely active CD              Their data did not establish effectiveness of vercirnon as an induction therapy in these patients

  Vercirnon                                 144 Subjects received placebo, 98 patients received CCX282-B 250 mg once daily, 97 cases 250 mg twice daily, and 97 subjects 500 mg once daily for 12 weeks. Then received 250 mg CCX282-B twice daily, open-label, through week 16. Subjects who had a clinical response at week 16 were randomly assigned to groups given placebo or CCX282-B (250 mg, twice daily) for 36 weeks   436 subjects randomized to four groups                            Subjects with moderate-to-severe CD           CCX282-B, an orally administered specific CCR9 antagonist, provides a novel approach to modulating intestine-specific inflammatory responses

  Tofacitinib^\[[@B57]\]^                   Patients were randomly divided into 4 groups, including: 1 mg (n = 36), 5 mg (n = 34), or 15 mg (n = 35) tofacitinib or placebo (n = 34), twice daily for 4 weeks, at 48 centers in 12 countries                                                                                                                                                                                     n= 139; age, ≥18 y                                                Patients with moderate-to-severe active CD    No significant differences in the proportion of patients with moderate-to-severe active CD who achieved clinical responses or clinical remission after 4 weeks\' administration of tofacitinib or placebo twice daily

  Vitamin D3^\[[@B59]\]^                    Patients were randomly assigned to receive high-dose vitamin D3 at 10,000 IU daily compared to 1000 IU daily for 12 months                                                                                                                                                                                                                                                           High dose = 18 cases\                                             Patients with CD in remission                 Higher dose of daily vitamin D3 was significantly increased the serum 25-hydroxy-vitamin D levels, but the degrees of clinical relapse were similar between both groups
                                                                                                                                                                                                                                                                                                                                                                                                                                 Low dose = 16 cases                                                                                             

  Adalimumab^\[[@B60]\]^                    Efficacy of adalimumab with and without azathioprine in patients with active CD                                                                                                                                                                                                                                                                                                      66 patients in monotherapy \                                      Patients with active CD                       Patients in combination group the percentage of endoscopic efficacy was significantly higher than in patients in monotherapy group, but no statistically difference was reported between the groups regarding clinical improvement at week 26.
                                                                                                                                                                                                                                                                                                                                                                                                                                 group and 69 subjects in combination \                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                 group                                                                                                           

  Adalimumab^\[[@B61]\]^                    Children patients were randomly assigned to high dose and low dose adalimumab                                                                                                                                                                                                                                                                                                        High dose\                                                        Children patients with CD in remission        Safety risks were not increased with weekly dosing of adalimumab but clinically advantageous for children with CD
                                                                                                                                                                                                                                                                                                                                                                                                                                 (n = 93 cases) and low dose (n = 95 subjects)                                                                   

  Omega-3 supplementation^\[[@B62]\]^       Patients in remission ingested one bottle (100 ml) of the test formulation (IMARK S®) daily for 28 days and after a one-month washout period, ingested two bottles of the formulation daily for 28 days                                                                                                                                                                              Six patients with CD                                              Patients with CD in remission                 Oral capsule omega-3 supplementation would be harmless and beneficial for continuing remission in patients with CD

  Infliximab^\[[@B63]\]^                    Patients were randomly assigned (1:1) to groups given infliximab (5 mg/kg) or placebo every 8 weeks for 200 weeks to evaluate the efficacy of infliximab in preventing postoperative recurrence of CD                                                                                                                                                                                297 patients                                                      CD patients undergone ileocolonic resection   Infliximab is not superior to placebo in preventing clinical recurrence after CD-related resection but reduce endoscopic recurrence

  Tofacitinib^\[[@B64]\]^                   Patients randomized to receive placebo, tofacitinib 5 or 10 mg twice daily for 8 weeks. Those achieving clinical response or remission were re-randomized to maintenance treatment with placebo, tofacitinib 5 or 10 mg twice daily for 26 weeks                                                                                                                                     180 subjects randomized to three groups                           Patients with moderate-to-severe CD           At week 26 of maintenance, the percentage of patients with clinical response-100 or remission was 55.8% with tofacitinib 10 mg twice daily compared with 39.5% with tofacitinib 5 mg twice daily and 38.1% with placebo and these results showed a minor treatment effect

  Ustekinumab^\[[@B65]\]^                   Patients were randomly assigned to receive intravenous ustekinumab or placebo at week 0. During the maintenance phase, those responded patients at 6 weeks underwent a second randomization to receive subcutaneous injections of ustekinumab or placebo at weeks 8 and 16.                                                                                                          526 patients in phase I\                                          Adults with moderate-to-severe CD             Patients with an initial response to ustekinumab had significantly increased rates of response and remission with ustekinumab as maintenance therapy.
                                                                                                                                                                                                                                                                                                                                                                                                                                 and\                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                 145/526 patients in phase II                                                                                    

  Naltrexone^\[[@B66]\]^                    Randomized patients received daily oral administration of 4.5-mg naltrexone or placebo                                                                                                                                                                                                                                                                                               40 patients                                                       Subjects with active CD                       Naltrexone improves clinical and inflammatory activity of subjects with moderate to severe CD compared to placebo-treated controls.

  Naltrexone^\[[@B67]\]^                    Children were randomized to placebo or naltrexone (0.1 mg/kg) orally for 8 weeks, followed by open-labeled treatment with 8 additional weeks of naltrexone.                                                                                                                                                                                                                          40 patients                                                       Children with moderate-to-severe CD           Systemic and social quality of life improved with naltrexone treatment and Naltrexone therapy seems safe and may reduce disease activity.

  Azathioprine and infliximab^\[[@B68]\]^   Patients were randomized to receive infliximab (standard induction and maintenance schedule) or azathioprine (2.5 mg/kg/day) for one year                                                                                                                                                                                                                                            22 consecutive CD patients                                        CD patients undergone ileocolonic resection   Infliximab was more effective than azathioprine in reducing histological, but not endoscopic and clinical recurrence after curative ileocolonic resection in \"high risk\" CD patients
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Immunosuppressive antibiotics and anti-inflammatory monoclonal antibodies are current therapeutic medications against CD in different phases with different severities. Metronidazole and ciprofloxacin = antibiotics; vercirnon = an oral inhibitor of CCR9; CCX282-B = small-molecule antagonists targeting CCR9; tofacitinib = inhibitor of the enzyme JAK1 and JAK 3, which interferes with the JAK-STAT signaling pathway; ustekinumab = human monoclonal antibodies blocked IL-12 and IL-23, which help activate certain T-cell; naltrexone = the blockade of opioid receptors; adalimumab = human monoclonal antibodies against TNF-α; infliximab = chimeric monoclonal antibodies against TNF-α; azathioprine = an immunosuppressive medication

###### 

Recent clinical and pre-clinical studies on vaccination against different pro-inflammatory cytokines in inflammatory related disorders

  **Target for vaccination**   **Disease**                    **Type of research**           **Results of study**
  ---------------------------- ------------------------------ ------------------------------ -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  IL-1β^\[[@B71]\]^            Type 2 diabetes                Clinical study phase І         In 48 patients, neutralizing IL-1β-specific antibody responses was detectable after six injections with doses of 900 µg
                                                                                             
  mIL-6^\[[@B72]\]^            Systemic sclerosis             Preclinical study on mouse     Immunization with a modified form of mouse IL-6 peptide in conjugation with KLH can prevent the development of bleomycin-induced dermal fibrosis
                                                                                             
  TNF-α^\[[@B7]\]^             Rheumatoid arthritis           Phase II clinical trial        Therapeutic vaccination with TNF-α-induced dose and schedule-dependent anti-TNF antibodies in patients was well tolerated. Patients with raised levels of anti-TNF antibodies had signs of clinical improvement
                                                                                             
  IL-15^\[[@B85]\]^            Arthritis                      Preclinical study in monkeys   Vaccination with IL-15 induced neutralizing antibodies to native IL-15 in non-human primates, which can be effective against inflammatory diseases like arthritis
                                                                                             
  IL-23 p19^\[[@B86]\]^        Chronic Colitis                Preclinical study on mouse     Down-regulation of the inflammatory responses in chronic murine colitis
                                                                                             
  hIFN-α^\[[@B8]\]^            Systemic lupus erythematosus   Phase І/II clinical trial      Six patients confirmed a significant correlation between neutralizing anti-IFN-α antibody titers and decrease in IFN scores compared to the baseline
                                                                                             
  mTNF-α^\[[@B87]\]^           Arthritis                      Preclinical study on mouse     Vaccination with TNF-α epitope-scaffold immunogen DTNF7 plus transmembrane domain of diphtheria toxin significantly delayed the onset of CIA and reduced the incidence and clinical score
                                                                                             
  mVEGF-A^\[[@B88]\]^          Arthritis                      Preclinical study on mouse     This vaccination led to the production of anti-VEGF polyclonal antibodies and had a significant anti-inflammatory effect in CIA

***Vaccines targeting DC***

DC are one of the most important players in the gut environment for maintaining the gastrointestinal hemostasis. It has been suggested that the inappropriate activation of DC may contribute to the pathogenesis of IBD^\[[@B76]\]^. In healthy individuals, DC are responsible for the induction of tolerogenic condition through activating Treg. These cells are involved in the pathogenicity of IBD during the onset or development of disease^\[[@B77]\]^. Indeed, the imbalance between Foxp3 + CD4 + Treg cells and T effector cells in the gut environment is the main cause of intolerance, as well as inflammation in IBD^\[[@B78]\]^. Also, Tol-DC, which are a heterogeneous group of DC, can be generated outside the patients' body through *ex vivo* generation and maturation. When re-introduced to the patient\'s body, these cells have the ability to inhibit the responses of memory T cell (both Th1 and/or Th17), causing the T cells anergy and inducing Treg through which they can ameliorate the consequences of inflammatory responses. Regarding the role of DC and T cells in the induction of inflammation and resulting damage to the healthy tissues of the gut, the use of Tol-DC as a vaccine to induce tolerance in the GIT can be considered as a safe, efficient, and possible clinical approach for the treatment of CD^\[[@B79]\]^. Tol-DC can be an option for the treatment of both IBD and different types of autoimmune diseases, including type 1 diabetes and rheumatoid arthritis^\[[@B80],[@B81]\]^. *Ex vivo* generated monocyte-derived DC have also been used as a vaccine for the treatment of different cancers. For instance, Sipuleucel-T is a market released DC-based cancer immunotherapy product for the metastatic form of prostate cancer^\[[@B82]\]^. Colorectal and non-small cell lung cancers are also taking advantage of DC cell-based vaccines^\[[@B83],[@B84]\]^. Tol-DC for the treatment of autoimmune diseases and inflammatory disorders can be *ex vivo* generated through different protocols. Glucocorticoids, vitamin D, retinoic acid, and the cocktail of cytokines such as IL-1β, TNF-α, IL-6, and PGE2, have the ability to induce the tolerogenic form of DC from the immature precursor^\[[@B76]\]^. In nearly all of the mentioned diseases except CD, the location of the challenge is mostly stable; therefore, application of immunotherapeutic modalities will result in a predictable outcome. In CD, however, due to different locations of the challenge and variety of clinical manifestations of disease and also regarding the type of resident antigen-presenting cells and their traffic in different parts of GIT, the results of immunotherapy even with Tol-DC may be variable case by case.

Regarding all the above facts and based on the known mechanisms of CD, development of an appropriate vaccine for the control of immune response in this inflammatory disease seems achievable, however, there is not any approved vaccine for the CD, and the only under trial product in is an anti-MAP vaccine. Both types of IBD are on the rise due to the existence of several risk factors, including genetic susceptibilities, environmental components, gut microbiome, immune system dysregulation, and the tendency to humoral or cellular type of immune responses. Regarding the pivotal role of immune system in the pathogenicity of IBD from the initiation to progressive or advanced stages, most therapeutic approaches for curing CD or UC have targeted immune responses to return the normal immunophysiological function of the gut. Traditionally, immunesuppressive drugs can improve the inflammatory symptoms; however, it may leave several side effects and can expose the patient to a higher risk of opportunistic infections.

Since the last decade, the field of immunotherapy against different diseases, particularly against inflammatory-based diseases, has been constantly growing. The current knowledge about the pathogenicity and molecular mechanisms of immune-related diseases such as IBD has helped researchers to find potential therapeutic candidates for targeted and oriented therapy as well as management, control, and regulation of unfavorable outcomes of inflammation. The list of biological therapies such as anti-inflammatory monoclonal antibodies for the treatment of IBD is being updated, and they seem to be a better alternative for the treatment of CD rather than conventional immune-suppressive drugs such as azathioprine, mercaptopurine, and methotrexate.

Although bacterial infection such as MAP is considered as the main cause of idiopathic CD, the usefulness of antibacterial regimen against CD on the one hand and the lack of sufficient documents on the role of successful immunization for the prevention or treatment of CD on the other hand makes it difficult to judge the benefit of this approach. In another aspect, although CD is emerging due to the impaired mucosal immunity and the penetration of gut microbial flora or pathogenic bacteria to underlying tissues and resulting inflammation ([Fig. 1](#F1){ref-type="fig"}), it is impossible and certainly irrational to immunize the body against normal flora, and there is no data to advocate the benefit of immunization against gut pathogenic bacteria to prevent or treat CD. Therefore, the context of vaccine against the CD is totally different in comparison to other same therapies in which vaccination may be considered as a useful treatment.

Since impaired tolerance in the lamina propria of CD patients is one of the main causes of aggressiveness in the prognosis of disease, it is expected that management of this immunopathological situation and inflammation will result in clinical improvement. Although anti-TNF-αs (infliximab and adalimumab) lead to major shifts in the therapeutic paradigm of CD and are considered as promising options, several concerns on their application have still remained unresolved^\[[@B89]\]^. Tol-DC can help the immune system, restore tolerance by the induction of anergy or apoptosis in autoreactive T cells or stimulation of different types of Treg ([Fig. 2](#F2){ref-type="fig"}). There are many possible mechanisms by which Tol-DC can help the re-arrangement of immune cells and repair the immunophysiological conditions in the gut microenvironment. One of the tolerogenic mechanisms to induce peripheral tolerance is the induction of type 1 Treg^\[[@B90],[@B91]\]^. An increase in the level of TGF-β, as an immunosuppressive cytokine, is another related mechanism to induce peripheral tolerance in the lamina propria, which is triggered in the presence of Tol-DC^\[[@B92]\]^. IL-10 is another immunosuppressive cytokine produced through the interaction of Tol-DC with T cells whose role has been well demonstrated in maintaining the gut hemostasis^\[[@B93]\]^.

Regarding the points discussed in this study and based on the current knowledge on the role of immune responses and factors involved in the pathogenicity of the CD and also according to the technological advances in developing vaccines for different aims, this is the time to develop a new generation of vaccines to control and suppress the unfavorable inflammatory outcomes during the acute phase of CD and return the normal immunophysiological condition in the GIT. In this scenario, Tol-DC-based vaccines, with regard to their fortune in other immunological challenges, seem to have more chance of success and could be a promising vaccine against CD in future.

![The potential of DC-based vaccine for CD. Although the impaired immune response and the lack of tolerogenic mechanism in CD patients may result in the progress of inflammatory response and deteriorate the condition, *ex vivo*-derived Tol-DC, as an immune-modulatory tool for inducing the tolerance and triggering Treg trough CTLA4-CD80-86 signaling in the intestinal microenvironment, would be considered as possible vaccine therapy against CD](IBJ-24-001-g002){#F2}
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